It is a well-known fact that damage to a cell induces activation of lysosomes. This phenomenon subsequently leads to &ldquo;autofagy&rdquo; and &ldquo;heterofagy,&rdquo; which are typical functions of lysosomal enzymes. Some reports state that lysosomal enzymes are highly activated also during cellular division and multiplication. Furthermore, it has been verified that the enzymes retain by far a higher activity in malignant tumor cells. A recent report indicated that cyclic AMP supports morphologically cultured glial cells and glioma tissues toward their differentiation and further toward normalization.<BR> Based on these reports, it was the object of this study to examine the effect of cyclic AMP on lysosomal enzyme activities during cellular multiplication. In the acute stage, within one week from injury infliction, &beta;-glucuronidase and acid-phosphatase increased activities conspicuously and reached their respective peaks on the 5th day after injury. The glial cell, being induced by the high enzyme activity, showed active cellular division and multiplication starting from the 5th day on. Although elevation of activity was clearly observed at this stage, the enzyme activity showed little difference during the period of gliosis formation, when division and multiplication settled. Human glioma tissues retained a level of activity several times higher. Administration of dibu tyryl cyclic AMP in situ produced significant inhibitory tendency on the enzyme activity, result ing in impediment of multiplication.<BR>
Based on these studies, it might be pos sible to deduce that there is some interrelation ship between the two facts: (1) lysosomal en zymes, which are activated after the injury to cells and at the time of cellular division, show higher activity in malignant glioma tissues and (2) inhibition of enzyme activity by administra tion of steroid hormone in vivo. This study was made to observe changes in lysosomal enzyme activities in glial cells and malignant glioma tissues induced by the admin istration of cyclic AMP. Clinical effects of cyclic AMP on lysosomal enzyme activity in the cere brospinal fluid taken from brain tumor patients receiving nonsurgical treatment were also examined.
Experimental animals
Mature Wistar rats, each weighing over 250 grams and more than 6 months after birth, were used in this study. A hole 6 to 7 mm in diameter was made at the left frontal part of the skull with a drill. Then the left frontal lobe was cut across the hemisphere, carefully avoiding ves sels on the surface of dura. The rats were in jected 50 mg/Kg of pentabarbiturate into the abdominal cavity for anesthesia. For prevention of post-operative infections and the infusion, 100 mg/Kg of terramycin and 5 ml/rat of 5 dextrose solution were given by hypodermic injection. 11,13)
Preparation of samples
The rats, operated in the above-mentioned procedures, were fed with NM type solid rat food manufactured by Oriental Yeasts Co., Ltd. These rats were decapitated in staggering periods of time, i. e., 1, 3, 5, 7, 14, 30 days and 3 months after the operation (the days are counted including the day of operation). The decapitation and depletion was immediately followed by extraction of the whole brain and the blood on its surface was removed by filter paper. The cortical tissues within 2 mm, around the incision were used as samples. As a normal control, cortex from the right frontal lobe without any injury was used.
Cerebral tissues thus obtained were homoge nized in a glass homogenizer in 1 ml of Triton X-100 solution with final concentration of 0.05 %. In accordance with the Lowry's Method (18), total protein was colorimetrically deter mined with 0.1 ml of the homogenate.
Among lysosomal enzymes, /3-glucuronidase and acidphosphatase were chosen in order to compare the results. The former employed the Fishman's Variation'): using p-nitrophenyl /3-glucuronide as substrate with 0.2M acetate buffer at pH4.5 and incubated at 37'C for 4 hours. Colorimetric determination was made at 400 my. The latter with King-Armstrong Varia tion: : applying sodium phenyl phosphate as substrate and incubated at 37'C for an hour. Colorimetric determination was read at 570 mp. Human brain glioma tissues were extracted at the time of operation and blood was removed as soon as possible. Subsequently, the tissues were homogenized in Triton X-100 solution with 0.05 % final concentration as mentioned previ ously.
In addition, 3 to 5 ml of human cerebrospinal fluid were collected at the time of lumbar punc ture. After concentration of the fluid by the vacuum freeze-drying method, the sample was dissolved and reacted in the respective buffer solutions for /3-glucuronidase and acid-phos phatase. The determination was read in the same way as indicated above.
Administration of dibutyryl cyclic AMP
The rats operated under the aforementioned procedures were injected subcutaneously with 5 mg/Kg of dibutyryl 3', 5'-adenosine mono phosphate, wich was used in this examination as a cyclic AMP and referred to as DBC-AMP in the following report. The injection was administered for three consecutive days. These rats were decapitated in staggering periods of time and the extracted brain tissues were prepar ed as samples as mentioned above.
Administration of steroid hormone
In order to compare steroid hormone effects with that of DBC-AMP, 1 mg/Kg of steroid hormone (dexamethasone was used for this purpose) was administered by hypodermic in jection for seven consecutive days. Results 
Changes in lysosomal enzyme activity in
experimentally injured brain tissues The activities of /3-glucuronidase and acid phosphatase in the brain tissues were measured after removal of brain from the rat treated and decapitated as stated above ( Table 1) .
The activity of /3-glucuronidase in the injured brain tissues clearly showed an increase when compared with that of immediately after opera tion. In the sample made on the day of opera tion, the activity increased by about 60% over its normal control, which was prepared with the tissues taken from the opposite hemisphere of the same brain. On the 5th day after opera tion, the increase in activity exceeded 140% of normal control. Then activity gradually de creased to veach an almost normal level in around 1 month after the operation. The nor mal control showed a slight increase in activity on the 5th day but it soon decreased and re turned to normal on the 7th day.
As to the activity of acid-phosphatase, the injured specimen showed more than 20 % of increase in contrast to that of normal control even on the first day. It reached its maximum value on the 5th day, which corresponded with the result of /3-glucuronidase. Thereafter the value declined and returned to normal after one month. Values represent means+S.D. with experimental numbers in parentheses. Incubation medium con tained 0.2 M acetate buffer at pH 4.5, p-nitrophenyl /3-glucuronide and rat brain homogenate (0.1 cc) equivalent to 3 to 5 mg of the tissues in wet weight, which were incubated at 37'C for 4 hours.
Effect of DBC-AMP
Hypodermic injection of 5 mg/Kg of DBC AMP were given to rats whose brains had been injured in the same manner as mentioned pre viously. The injection was given for three con secutive days starting from the operation day. This was to investigate the effects of DBC-AMP on lysosomal enzymes and the results are shown in the Table 2. DBC-AMP proved to give a markedly in hibitory action on the 5th day toward /3 glucuronidase, which otherwise would have shown its maximum value on the same day. On the 7th day, the activity had almost declined to normal and at the end of two weeks, the value was found to be completely normal.
DBC-AMP produced a more significant effect on acidphosphatase. On the 5th day, when the injured brain tissues without administration of DBC-AMP showed the maximum activity, DBC-AMP proved to exert a perfect inhibitory effect on acidphosphatase, yielding little differ ence from the normal control. Rat brain was homogenized with 0.05 % Triton-X solution (1.0 ml). Dibutyryl cyclic AMP (5 mg/kg) was injected to rat subcutaneously for 3 days. Table 3 . Effect of steroid hormone (dexamethasone) on lysosomal enzyme activities in rat brain.
Effect of steroid hormone
Starting from the day of operation, 1 mg/Kg of steroid hormone was injected hypodermically in vivo for seven consecutive days. The effects of steroid hormone on the lysosomal enzymes and on those of DBC-AMP were compared with the similar method as stated before (Table 3) . /3 glucuronidase was by far strongly inhibited of its activity by steroid hormone in comparison with the inhibition induced by DBC-AMP. On the 5th day, when /3-glucuronidase attained its maximum activity, steroid hormone showed surpassing inhibitory effect as compared with the one by DBC-AMP and the activity even returned to normal on the 7th day.
On the other hand, steroid hormone gave somewhat weaker inhibitory effect on acid phosphatase as compared with DBC-AMP. It inhibited about 50% of the activity in contrast to steroid nonadministered samples. However, steroid administration proved to give similar effects on acid-phosphatase and /3-glucuroni dase in view of the fact that both of them com pletely regained normal activities on the 7th day. 4. Changes in enzyme activity in human brain tumor tissues Our study on lysosomal enzymes in human brain tissues, especially on those of glioma, extracted at the time of operation, revealed that the activity of /3-glucuronidase showed higher value in accordance with the degree of malig nancy as far as glioma tissues were concerned (Table 4) . In glioblastoma multiforme, some of the values jumped 3 to 4 fold higher than those of astrocytoma (Grade I-II). Since only limited number of cases were studied and the enzyme activity in tumor tissues varied widely, it was considered necessary to carry out further in vestigations on more examples in order to make a generalization. Similar high activities were found with acidphosphatase (Table 5 ). Conditions were similar to those in Table  4 .
DBC-AMP effect on glioma tissues
Considering a daily administration of 1 mg/ Kg of DBC-AMP to glioma patients by infusion for 10 days as one course, after two courses of the said administration, operation was per formed and the tumor was extracted. Subse quently, the effects of DBC-AMP on lysosomal enzyme activity in the tumor tissues were studied. In glioblastoma, which shows a conspi cuously high enzyme activity, DBC-AMP was observed to inhibit the activity to a greater extent. With regards to /3-glucuronidase, the activity decreased by 1/3 and with acid phosphatase, by 1/6. (Table 6 ) Table 6 .
Effect of dibutyryl cyclic AMP on lysosomal enzymes in human glioma.
DBC-AMP was injected to a glioma patient for 10 days (1 mg/kg) before operation. Measurements of enzyme activities were made as mentioned previously.
6. Lysosomal enzyme activity in cerebrospinal fluid The total activity in the cerebrospinal fluid, 3 to 5 ml of which had been collected at the time of diagnosis, was measured after concentration by a freeze-drying method. Among 12 glioma cases examined, the fluid taken from astrocy toma (Grade I and II) patients showed little dif ference in the enzyme activities from the normal ones. Contrarily samples collected from astrocytoma (Grade III) patients and glioblas toma multiforme patients showed values two times higher (Table 7) .
Discussion
Introduction of electron microscopes into the field of morphology helped disclose the fine Table 7 . /3-glucuronidase activity in cerebrospinal fluid taken from glioma patients.
structure of the cell. Consequently, lysosomal enzymes were discovered to exist in various forms as one of the minor organs in the cell. Since this discovery, lysosomes have attracted much attention .6) Cytoplasmic particles, as they were named by de Duve after a series of studies based on subcellural fractionation, were further made by Weissman24) and Novidoff.20) These revealed several interesting functions of lyso somes, which have been drawing special atten tion. Since then, it has been considered in general that lysosomes play, in a cell, a role similar to that of the digestive organ in ad vanced animals. It is also widely known that lysosomal enzymes enter the blood by isolating themselves from the cell at the time of shocks caused by injury, bleeding or exotoxin. In addition, lysosomes are considered to partici participate in cellular division, when active reproduction of cellular components is requir ed. 16,23,24,25) These studies strongly suggest the interrela tionship between lysosomes and cyclic AMP in cellular multiplication. From this point of view, this study was conducted using cerebral tissues as samples in order to pursue any inter relationship that may exists between lysosomes and cyclic AMP in cellular division. The reason for choosing cerebral tissues in our study was that they have special properties to induce reactive multiplication of glial cells without fail along with; 1) onset of acute symptoms, disregarding the types of disorders and their degrees, like bleeding, degeneration and necro sis of cells and edema, and 2) convalscence from these symptoms.
Throughout the observations on the changes in vivo, the two functions of lysosomes, that is, autofagy accompanied by damage to cells, or repairing mechanism and participating mecha ism in cellular division and multiplication, were examined with the same sample. Furthermore, it was possible to examine the effects of cyclic AMP and other preparations. Changes in lyso somal enzyme activities were observed in experi mental animals prepared in the same methods as stated above from the onset of acute experi mental brain damage till formation of gliosis.
In this study, it is noteworthy that in changes of lysosomal enzyme activities, both /3-glucuro nidase and acid-phosphatase attained respective peaks at five days after the operation. Biochemi cally, the brain edema was greatest three days after operation. On the 5th day after operation, extremely active division and multiplication of glial cells were observed morphologically in the cerebral cortex around the operated area. Judging from these phenomena and the reports by de Duve and by Weissmann, enzyme activi ty changes during the acute stage observed in this study cannot be explained solely by the function of lysosomal enzymes induced by damage to cells.
High activity levels of lysosomal enzymes in the brain tumor tissues have been reported by Allen et al.", Allison.') and Kentt s) revealed that lysosomes take part in cellular divison when a cell reproduces its component actively. These observations must also be well taken into consideration. The extracted tissues from gli Lysosomal enzymes, especially /3-glu curonidase and acidphosphatase, in the injured brain of rat were observed in the course of time. Both enzymes were observed to elevate their activities immediately after operation, attaining the maximum values on the 5th day after opera tion. Subseqently, the values gradually de clined until the period of gliosis formation, one month after operation, when they regained normal values.
2. Glioma tissues showed extremely high activity.-Among 11 cases observed in this study, the enzyme activities tended to rise with the degree of malignancy.
3. Lysosomal enzymes in the cerebrospinal fluid were easily measured with the vacuum freeze-drying method. In the 12 cases examined in this study, it was observed that higher activi ties were found in astrocytoma (Grade III) and glioblastoma multiforme.
4. When 5 mg/Kg of DBC-AMP were ad ministered by hypodermic injection to rats with injured brains for three days, it showed a tendency to inhibit the lysosomal enzyme ac tivities. The activities returned to normal within two weeks after operation.
5. When 1 mg/Kg of steroid hormone, sta bilizer against lysosomal enzymes, was given to a rat with injured brain by hypodermic injec tion, it produced a significant inhibitory action similar to DBC-AMP. However, it seemed that steroid produced different reactions from that of cyclic AMP depending on enzymes.
6. Effect of DBC-AMP on lysosomal en zymes in glioma tissues was studied by intrave nous infusion of 1 mg/Kg of DBC-AMP to glioma patients daily for 10 days. DBC-AMP exerted excellent inhibitory effects and clini cally, its antiedema action was significant.
